This study investigated the effect of energy as partial replacement of a diet based on palm kernel cake (PKC) on the growth performance, nutrient intake, digestibility, carcass quality, and economic cost of Dorper sheep. Twenty-seven Dorper rams (initial body weight 15 ± 0.59 kg) were kept in individual pens and divided randomly into dietary groups consisting of T1: basal diet + 0% corn (control), T2: basal diet + 5% corn, and T3: basal diet + 10% corn. Feed intake was recorded on a daily basis. On day 110, 4 lambs from each group were randomly chosen and transferred into metabolism crates to determine nutrient digestibility and completely randomized design was used. The results showed that high feed intake was in T3 while, the DM, CP, NDF, and ADF digestibility were decreased significantly with the increasing level of corn as an energy source. The carcass cuts were not affected by the dietary treatments. Significant differences were noted in the non-carcass parts (heart, lungs and trachea, defattted kidneys, liver, spleen, and kidney fat) with T3 having the highest value. The feeding cost was slightly increased when PKC was replaced by corn. In conclusion, inclusion of 10% corn as a source of energy in 65.3% PKC as fattening diets had effects on growth BW, ADG, and organs performance on Dorper lambs.
INTRODUCTION
Cereal grains are the most costly feed among feedstuff and are necessary for the growth, reproduction, lactation, and other metabolic functions in livestock due to their high contents of energy, protein, and minerals among others components (Gimenez, 1994) . These feed ingredients are in high demand by human which result in a competition with livestock. Therefore, this declines profitability of traditional livestock production systems and posed as is major challenge to farmers (Lupton et al., 2008) , and it is, therefore, important to minimize the cost of feed by including cheaper protein sources without affecting the productivity of the animal. However, the quality of diet is mostly dependent on the ratio of energy to protein (Sayed, 2009) . Lambs fed on energy: protein ratio of 10 MJ/kg DM: 12.4% CP have the potential to have weight gains more rapidly (125 g/d) (Poppi & McLennan, 1995) .
However, in developing countries, ruminants are mainly fed on crop residues which are deficient in crude protein (CP) that are highly required by the animals (Sarwar et al., 2002) . Indeed, protein is essential for growing ruminants but is costly (Dabiri & Thonney, 2004) . Malaysia produces huge amounts of PKC, which is an inexpensive source of high-quality feed for ruminants, having 16-20% protein content (Ribeiro et al., 2011) . Palm kernel cake has been used as a feed ingredient for livestock both in ruminants and poultry (Alimon, 2004) . Ruminants require a balanced diet which comprises of both energy and protein to meet up their requirements for both maintenance and production. Onwudike (1986) reported that PKC contains about 11.1 MJ of metabolizable energy (ME) kg -1 . Due to the effect of copper toxicity in the PKC base diet, it's of paramount important to include an additional energy source thereby reducing the toxicity effect to the tolerable level with resultant improvement in growth and animal performance. Corn is a potential antioxidant that guards the body against harming by free radicals responsible for cellular damage and good source of energy that can improve the condition of the body (Kumar & Jhariya, 2013) . Inadequate energy level in sheep diet hindered animal performance more than any other nutritional deficiency. Therefore, this study was conducted to determine the effects of inclusion of corn as an energy source into PKC urea treated rice straw base-diet on the growth performance, nutrient intake, digestibility, carcass quality, and economic cost of Dorper sheep.
MATERIALS AND METHODS

Animal Care
The study was carried out in Serdang, Selangor, Malaysia (3° 2' 0" North, 101° 43' 0" East). The animal experimental procedures were conducted according to the Institutional Committee on Animal Use Ethics (Approval No. R064/2016). Twenty-seven Dorper lambs six-month-old with an average live weight of about 15 ± 0.59 kg were randomly assigned and tested under three treatment modes comprising three levels of corn of 0%, 5%, and 10% included into PKC based-diet as a source of energy. The group receiving 0% of corn served as the control.
Diet and Feeding
Treatment 1 contained 75.3% PKC and 0% corn as a control diet, Treatment 2 contained 70.3% PKC and 5% corn, and Treatment 3 contained 10% corn and 65.3% PKC (Table 1) . In the trial, dietary containing isonitrogen were used. The experimental treatments included equal portion offering of rice straw at 20% head/day on DM bases. Urea-treated rice straw (UTRS) was used as a basal diet and was prepared by pouring 3% (wt/wt) urea mixed with 100 kg of water in 100 kg stacks of RS and then covered with a plastic sheet for a minimum of 15 days before being fed directly to the animals (Wanapat, 2009) .
Animals were kept in individual pens (1.5 m x 1 m) for 140 days with 15 days of adaptation. They were fed at random with the respective treatment diets, and water was available freely. At day 110, four animals from each treatment were randomly selected and moved to the metabolism crates for a digestibility trial. They were kept for 7 days involving 2 days for adaptation and 5 days for sample collection (feed and fecal). The chemical composition and ingredients of the concentrate are shown in Table 1 .
Analytical Procedures
Feeds samples were randomly collected, and fecal samples were taken by rectal sampling from individual sheep, dried at 60°C, and ground (1-mm screen using Cyclotech Mill, Teactor, Sweden) for proximate analysis of dry matter (DM), organic matter (OM), ether extract (EE), ash, crude fibre (CF), crude perotein (CP) content (AOAC, 1990) , neutral detergent fiber (NDF), and acid detergent fiber ADF (Van Soest et al., 1991) . Metabolizable energy (ME) was calculated using equation according to Menke & Steingass (1988) . Biological value and protein efficiency ratio were calculated to measure protein quality as a percent.
Protein efficiency ratio = Total of body weight gain (g)/ Weight of protein consumption (g) Nonfiber carbohydrates (NFC) was calculated to present a highly-digestible carbohydrate fraction of diets by following formula: Nonfiber carbohydrates = 100% -(%NDF + %CP + %fat + %ash).
However, economic cost of three diets were calculated. Fixed costs represent all costs other than the feeding costs. One US Dollar = 4.00 Ringgit Malaysian. where: Total costs in US$ = feeding + fixed costs. Selling income in US$ = total gain in weight × price of kg live weight. Net income in US$ = selling income − total costs. Economic efficiency = (net income/total costs) × 100.
At the end of the trial, five animals from each group were selected for fasting for 12 hours. Prior to that, the fasting body weight (FBW) were recorded before being slaughtered according to the halal procedure as outlined in MS1500:2009 (Department of Standards Malaysia, 2009). After slaughtering and bleeding, the animals were skinned and dressed, and the hot carcass weight were recorded. Edible offal heart, liver, spleen, defatted kidneys, testicles, lungs, and trachea were separately weighed and recorded for each slaughtered animal. In addition, total inedible offal head, skin, and hooves weights were recorded. The hot carcass weight was recorded to evaluate the hot killing out percentage. During the first 24 h post slaughtered, the carcasses were stored in a ventilated cold room at 4 o C, after which their weights were measured to calculate cold killing out percentage and associated carcass losses. The carcasses were split along a vertical column into left and right halves by using a band saw. The left half was separated into six parts (neck, shoulder, loin, chest, leg, and rack) according to Marinova et al. (2001) with some modifications.
Statistical Analysis
Data obtained from each parameter were subjected to statistical analysis using the GLM (General Linear Model) procedure of Statistical Analysis Software (version 9.04). Analysis of variance and Duncan's multiple range tests were used to determine significant differences (P<0.01 and 0.05) among treatments. The differences among treatment groups were estimated using the following model:
in which Y ij = dependent variable; µ = overall mean; α i = The fixed effect is for inclusion level of corn (5 and 10 %); and e ij = experimental error assumed to be NID with (0, σ 2 e).
RESULTS
Nutrient Composition
The proximate analysis of the three experimental rations is shown in Table 1 . The results indicate that diets containing corn were nearly similar in DM, CP, EE, and ash contents relative to the control ration. While, the proximate analysis of experimental rations showed that crude fibres were low in T2 and T3.
Growth Performance
Body weight, FCR, and the nutrient value of the diet in animals fed different corn levels are shown in Table 2 . Significant effect was observed in the final body weight among the treatments with T3 recorded with the highest body weight gain (P<0.05). The feed intake was different (P<0.05) in lambs fed diets containing different corn levels (Figure 1 ). Higher concentrate intakes were observed in the T3 but the lowest in the rice straw intake (P<0.05) in the same treatment. However, T1 and T2 were similar in concentrate and rice straw intake. The average daily feed intake was significantly affected by the level of corn with the lambs fed lower energy rations consuming more feed compared to those in the other treatment groups.
The PKC base-diet included with 5% corn (T2) in the current study showed significant decreases (P<0.05) in the FCR compared with the control group. Moreover, biological values and protein efficiency ratios were significantly lower in lambs fed with 5% corn than those fed with 0% corn and 10% corn. Nitrogen free carbohydrate showed no differences (P>0.05) among treatments groups. The growth rates of the Dorper lambs across the different treatments (Figure 2 ) increased as the level of corn supplementation was increased.
Digestibility
There were variations in apparent digestibility in the different treatments. Table 3 summarizes the apparent digestibility of feed DM, CP, NDF, and ADF digestibility which significantly decreased (P<0.01) when the lambs were fed with diets containing 10% corn as energy source compared to lambs fed on 0% of corn. With the increased in energy level, higher feed coefficient was observed. Likewise, feed coefficient was greater when energy levels increased.
Carcass Characteristics
Treatment groups had no significant (P>0.05) effect on hot carcass body weights (HCW) and the cold carcass body weights (CCW) (Table 4). Significant difference (P<0.05) was observed in the weight of head in lambs fed with 5% of corn (T2). However, no difference was Table 5 . The different in the treatments diets did not influence shoulder, loin, chest, leg, and rib weights (P>0.05). Animals fed T2 and T3 diets had greater (P<0.05) neck weight than T1. Moreover, lambs fed on T3 diet had greater heart, liver, lungs, trachea, kidney fat (P<0.01), and spleen (P<0.05) weights than lambs offered the T1 diet (Table 6 ).
Cost Implication
The cost of feed kg/head was higher in lambs fed with T3 rations (US$50.47) compared to those fed T2 and T1 diets. Net income at US$36.46 was lowest in T1 compared with T2 and T3 rations (Table 7) which had an average of US$47.45 and US$53.56, respectively. The lambs fed T3 rations showed 88.57% higher economic efficiency and 113.93% higher selling income than those fed with T1 rations.
MP-1729
DISCUSSION
Growth Performance
Highest intake of concentrate based diet in addition to lower of urea-treated rice straw was observed in animal fed T3 diet. However, similar intake of rice straw was observed when fed T1 and T2. The average daily feed intake was significantly affected by the level of corn with the lambs fed higher energy rations consuming more feed compared to those in the control groups (Figure 1 ). This result is in agreement with Russell et al. (2011) which reported that DM intake increased significantly (P<0.05) in ruminants fed diet containing 70% corn (DM basis). Regardless of this result, rumen fermentation activities could be enhanced by increasing the levels of energy with resultant increased in microbial protein synthesis and the amount of available protein (Sayed, 2009) . Rahman et al. (2013) reported high FCR on goat fed with rations containing high PKC which agree with the present study in which FCR was higher in sheep fed a diet containing 10% corn and 65.3% PKC. The high FCR in this treatment (T3) may be related to the highest feed intake as a reflection of a more palatabel diet compared to T1. Sheep fed with 10% corn had higher (P<0.05) final body weight and ADG than those fed with control diet (Table 2 ). This finding conflicted with previous studies conducted by Zahari & Alimon (2005) and Tipu et al. (2014) reporting that ruminants consuming low levels of PKC had lower daily weight gain (P<0.05) although sheep consuming moderate level of PKC did not have effect on daily weight gain. This finding conflicted with the present study where sheep with the highest ADG had lower level of PKC (T2 and T3) compared to control group fed on high level of PKC. The reason could be due to inclusion of corn in the diet that can promote a greater weight gain. The result showed that the indicators of protein quality gave more precision than the weight gains alone (Carpenter et al., 1972) . Those results coincide with the present study where the diet with 10% corn resulted in a better protein quality with higher weight gains indicating that the precision of the result is similar with the biological value and protein efficiency ratio. Figure 2 shows that the lambs with the highest and lowest growing parameters, i.e., T3 and T1, respectively, used the PKC as based diet during the experiment. Previous studies showed that ruminants fed PKC as based diets had improved growth performance (Jelan et al., 1991) . The lambs fed on certain level of corn are tended to have higher growth rate when PKC were combined with corn, but the growth rate will be dropped when the labs fed PKC alone. This result was due to the higher requirements for maintenance energy.
Digestibility
The lambs fed PKC diet at 65.3% + corn at 10% (T3) had the highest feed consumption which might be attributed to the decrease in CF and NDF as a result of additional high energy content in this treatment group. This low CF and NDF resulted in an improved palatability which subsequently led to high feed intake with profound effect on nutrient digestibility with resultant improvement on the ADG. With high feed intake, the rate of passage through the gastro-intestinal tract increases (Kitessa et al., 1999) . NDF is the primary chemical constraint of feeds that determines their rates of digestion. This constituent is a measure of cell wall content and rumen fill. In this case, only when the NDF is digested that its effect on rumen fills can be eliminated (Allen, 1996) .
Carcass Characteristics
Carcass characteristics (Table 4) were considered normal (P>0.05) for Dorper sheep and are in agreement with result reported by Souza et al. (2013) who reported an increased in animal performance and carcass characteristics in the same breed of sheep. The slaughter weight of Dorper sheep was around 27.66 kg which was similar to previous studies (Terblanche et al., 1973) . The high slaughter weight found in the present study could be due to an early age of fat gain. The levels of energy across different treatment groups were optimal for lamb growth and health requirements in the present study. Similar dressing percentages were observed among treatments group but lower than those reported by Notter et al. (2004) and Ocak et al. (2016) in the same breed. Van Niekerk & Steenkamp (1995) stated that dressing percentage increased with slaughter age of lambs from approximately 40% when slaughtered at 25 kg live weight to approximately 50% when slaughtered at a live weight of 40 kg. Inline with the present study, Souza et al. (2013) reported that Dorper lambs had higher pre-slaughter weight and better carcass grade but with less dressing percentage and fat levels in Dorper sheep. The difference in the body weight observed in this study could be due to the level of energy inclusion of finishing diets fed to the lambs. This emphases the importance of subcutaneous fat thickness in protecting the carcasses during the cooling process.
The reduction of the carcass weight (shoulder, loin, chest, legs, and ribs) was explained by the results stated earlier for ADG, nutrient intakes, and digestibility. This finding is in agreement with previous study conducted by Obeidat et al. (2008) , while the numeric gain in carcass cuts (shoulder, loin, chest, legs, and ribs) may be due to the rate and efficiency of the gain which occurs when the animals consume the highest percentage of a given diet which is in agreement with the findings of Fluharty & McClure (1997) . Davies (1989) also pointed out that changes in body proportions and composition are brought about by differential growth gradients existing between the different parts and tissues of the body. Notter et al. (2004) had reported that differences were not observed in the percentage of carcass weight in the leg or loin of Dorper sheep. However, there was no difference for cut yield as a function of the levels of inclusion of PKC in our study except neck weight. The results found by dos Santos et al. (2017) showed there was a reduction in the commercial cut weight, except for the neck weight for animals that were fed on 7% of PKC which provided the greatest neck weight and the lowest weight was observed those fed with 30% of PKC. The utilization of five concentrations of crude glycerin (0, 3, 6, 9 and 12% of DM) as a substitute of ground corn by Lage et al. (2014) justified the well-balanced distribution of muscle and fat in the body of animals since commercial cuts represent the tissue distribution in different regions of the carcass. The significance of these findings lie in the fact that reducing of visceral organ mass should reduce the energy requirements of the animal and our results was in agreement with the findings of Burrin et al. (1992) and Fluharty & McClure (1997) . Burrin et al. (1992) reported that the level of feed intake affected visceral organ mass without changing the DNA mass of the organ due to changes in cellular hypertrophy rather than changes in cell numbers. Kirton et al. (1972) reported that the live weight and nutritional status of animals could affect the production efficiency of carcass offal. This is while noting that the inclusion of PKC in the diet caused a certain degree of feed restriction thereby lowering the weight of the primary metabolic organs such as the liver, heart, and small and large intestines (dos Santos et al., 2017) .
Cost Implication
The parameters employed in economic evaluation of the three diets are summarized in Table 7 . The energy supplemented in diets were similar in terms of feeding cost during the whole fattening period of the lambs ranging from about US$49 for T1, US$49.86 for T2, and US$50 for T3, respectively. The diet included with 10% corn (T3) recorded the highest in economic efficiency of about (88.57%) in comparison with the control diet while that inclusion level at 5% corn was lower in economic efficiency by about 79.29% when compared with the control diet. Research has shown that supplementing corn into PKC diet improves growth rate and feed efficiency when fed to lambs compared to PKC alone. Sheep producers aim to decrease the feed costs by choosing suitable breeds that efficiently convert feed to meat. The carcass trait of the Dorper breed was a major positive attribute, but minor benefits gained in carcass cuts with the inclusion of corn does not justify the substantial additional cost of production.
CONCLUSION
Inclusion of 10% corn as energy source in the diets of fattening Dorper lambs has improved their growth performance, nutrient intake, and weight of organs. However, more research is needed to determine the critical inclusion level of energy into PKC diets in finishing lamb rations that could affect performance and carcass characteristics of the lamb.
